Key words: vitronectin/promoter/TATA box/initiator/transcription/nuclear protein ABSTRACT. Vitronectin in a cell-adhesion molecule whoseexpression is temporally and spatially regulated in vivo, but whoseregulatory mechanismof transcription is unknown.In this study, we characterized the mousevitronectin gene promoter. Luciferase expression vectors cloned the successive 5'-or 3 -deletions of the 5 -flanking region upstream of the luciferase gene and were transfected into the humanhepatoma cell line HepG2.The assay of luciferase activity in the transfected cells revealed that a 38 base pair (bp)-element (positions +3 to +40) displays promoter activity. A consensus sequence consisting of a TATAbox and initiator is shown around the transcription initiation site of the mouse vetronectin gene, but the GCbox is not shown. Site-directed or deleted mutagenesis against a consensus sequence of TATA box and initiator could not abolish the promoter activity. These results induce that the putative TATAbox and initiator are not involved in the promoter activity, and that the vitronectin promoter lacks the TATAbox, initiator and GCbox. To characterize trans-acting factors involved in promoter activity, a DNAfragment (position -74 to +95) was subjected to gel shift assay using nuclear proteins extracted from HepG2 cells. One shifted band was detected by the gel shift assay, suggesting that a nuclear protein binds to the promoter region. Results of the DNase I foot printing assay and gel shift assay demonstrate that the nuclear proteins can bind to the 38 bp-element, which has promoter activity. The nuclear protein is a putative trans-acting factor involved in transcription initiation.
the olfactory lobe on day 18. During development of the avian retina, vitronectin is localized to neuroepithelial cells and at later times to the fiber and inner plexiform layers of the stratified retina (9). Vitronectin expression is augmented by cytokine and growth factor. Secretion of vitronectin from human hepatoma cell lines, HepG2and Hep3B, was detected by metabolic labeling and immunoprecipitation (10) (11) (12) ). In HepG2cells the transcription level of vitronectin is increased by transforming growth factor-/31 (TGF-/31) (13) . Transcription of vitronectin in the liver is augmented by lipopolysaccharide during acute systemic inflammation (4, 14) . Endotoxin induces a number of cytokines in vivo including tumor necrosis factor-a, interleukin-6 (IL-6), and interleukin-1 (15) (16) (17) . Vitronectin gene expression in the rat liver was induced by intraperitoneal injection of purified rat IL-6 (18), suggesting that IL-6 augments vitronectin expression during acute phase.
Characterization of regulatory mechanismof vitronectin transcription has been performed recently. A 1.8 kilo base pair (kbp) 5'-upstream from the translationalinitiation site of the mouse (19) and human (20) vitro-nectin gene has been cloned. Each transcriptional initiation site has been determined (20, 21) . It was observed that the 5'-flanking regions display promoter activity in Hep3B cells (21) . IL-6 and TGF-Js responsive elements in the humanand mousevitronectin promoter were identified (21) . However, the definition of the promoter region of the vitronectin gene has not been sufficient for an understanding of the transcriptional initiatory mechanism. In addition, a consensus sequence of the TATA box is shown in the mouse promoter (21) , but not shown in the humanpromoter (20) , hence there are unresolved issue in the transcriptional initiatory mechanism.
In this study, we cloned a 3.8 kbp 5'-upstream from the translational initiation site of the mousevitronectin gene, and identified the promoter region in HepG2 cells. In the promoter region, the contributions of a consensus sequence of the TATAbox to promoter activity, transcriptional regulatory region, and nuclear protein binding site were examined.
MATERIALS AND METHOD
Polymerase chain reaction (PCR) A 1.7 kbp of a 5'-flanking region in the vitronectin gene was amplified by PCR. The reaction was performed as follows:
The 5'-flanking region (1.7 kbp) of the vitronectin gene was generated by a polymerase chain reaction (PCR). Twosynthetic oligonucleotides MVNG-F(positions -1669 to -1649) and MVNG-R (position +204 to + 184, anti-sense) were used as primers (Table I) . Mouse genomic DNA(25 ng) was denatured at 95°C for 5 min, and 2.5 units ofTaq polymerase were added to the DNA.The mixture was subjected to two consecutive cycle reactions. In the first cycle reaction, a 5'-flanking region of mouse vitronectin was amplified for 10 cycles at 94°C for20s, 58°Cfor30s, and68°Cfor2minin 10mMTrisHG1 (pH 8.3) containing 50 mM KC1, 1.5 mM MgCl2, 200^M each dNTP, and 0.5 pM each of 5'-primer, MVNG-Fand 3 -primer, MVNG-R.After the first cycle reaction, the amplified DNAwas subjected to the second cycle reaction. Differences between the second cycle reaction and the first cycle reaction were that the numberof cycles was twenty, extension time at 68°C prolonged to 20 s a cycle, that is at the final cycle the extension time became 8 min 40 sec. After the second cycle reaction, the extension was performed at 68°C for 7 min. A sequence of the amplified fragment was verified by a DNAsequencer, Model 373S (Perkin Elmer, USA).
Various fragments for construction of luciferase expression vector and preparation of inhibitor in gel shift assay were amplified by PCR. Template DNAs (10-100 ng) were denatured at 94°C for 2min, and amplified for 40 cycles at 94°C for 1 min, 55°C for 30s and 72°C for 1 min in 10mMTris HC1 (pH 8.3) containing 50 mMKC1, 1.5 mMMgCl2, 200 [*M each dNTP, 0.5^M each of 5'-and 3'-PCR primers (Table I) GCTCCGCTGTGCTTAGATT-3' (nucleotides 155 to 194 bp of the mouse vitronectin gene (GenBand/EMBL access number X72091)) was synthesized. The 5 -terminal of oligonucleotide was labeled |j-32P]ATP using T4 nucleotide kinase. After screening, a positive clone was isolated. Restriction enzymedigests of the selected phage clone DNAwere subjected to Southern blot analysis using the above probe. Southern blot analysis was performed as described by Sambrook et al. (22) . The hybridized fragment was subcloned in pUC119 (Takara Shuzo).
Site-directed mutagenesis of the promoter region E. coli strains BW313and JM109 were generously provided by Dr. K. Nakamura (University of Tsukuba, Japan), and the E. coli strain BMH71-18 mutS was provided by Riken DNA Bank (Tsukuba, Japan). A deleted mutant was prepared by a modified method of Kunkel (23) . A plasmid pUC1 19 containing a DNAfragment (position -74 to +95) was transformed into BW313(dut~ung~F'). The transformed BW313was infected with helperphage M13KO7, and cultured with 10 fig /ml kanamycin and 150 /*g/ml ampicilin overnight at 37°C. A single stranded DNAwas prepared from the culture medium. The 5'-terminals of the mutagenized oligonucleotides, VN-TATA-Mutand + 10/+ 30del (Table I) , were phosphorylated with T4 nucleotide kinase. A double stranded form of DNA was synthesized in vitro using 5'-phosphorylated oligonucleotides and single stranded DNAsas described by Sambrook et al. (22) . The synthesized double-stranded DNAwas transfected into E. coli strain BMH71-18 mutS (ung+ mutS). The transformed cells were infected with M13KO7, and were cultured with 70 /ig/ml kanamycin and 150^g/ml ampicilin overnight at 37°C. The cultured mediumwas added to precultured JM109 (dut+ ung+ F'). The mixture was incubated for 10 min at 37°C without shaking, and was plated to an LB agar plate containing 50 jug/ml ampicilin, and cultured at 37°C overnight. Mutagenized plasmids were recovered from some colonies of transformed JM109cells. The nucleotide sequence of the deleted mutants was confirmed by a DNAsequencer, Model 373S (Perkin Elmer).
Expression plasmid construction
Twocomplementary oligonucleotides Bst-Sac-Up and BstSac-Lowwere annealed to create a double-stranded form of DNAcorresponding to a region between the BstXl site and the translation initiation site. The double-stranded form of DNAwas inserted into the BstXl-Sacl sites of the 3.8 kbp fragment in pUC119. The constructed plasmid was digested with 5^83871 and Sad. The &K?8387I/&zcI-digested fragment was inserted into the SseS3Sll-Secl sites of the basic vector (Pica Gene, Toyo Ink Mfg. Co. Ltd., Japan). The constructed vector had a 5'-flanking region between -3.7 k and +95 bp, designated PVN (-3.7 k/+95)-Luc. The other luciferase expression vector containing the successive 5'-deletions was made using the restriction enzymes shown in Figure 1 was amplified by PCR using 5'-primer (VN-Pst-5' primer) and indicated luciferase expression vectors) using the calcium phosphate co-precipitation method. All plasmid preparations were purified using cesium chloride gradient centrifugation. Four hours after addition of the DNA/calciumphosphate precipitate, cells were shocked for 2 min 30 s with 15% glycerol in HEPES buffer (25mM HEPES (pH7.0), 140mM NaCl, 5 mMKC1, 0.75 mMNa2HPO4, and 6 mMdextrose). The cells were washed with PBS, and cultured in medium for 2 days. Luciferase and /3-galactosidase were extracted from the transfected cells using a cell lysis reagent (LQ3, Toyo Ink Mfg. Co. Ltd.). Luciferase activity was determined on a luminometer (Lumicouter 700, Microtec Co. Ltd., Japan). To normalize the transfection efficiency, 1.1 jug of PSV-/3 gal (Promega)
containing the SV40 promoter/enhancer was included in the test plasmid DNA.O-nitrophenyl-/3-D-galactopyranoside was used as a substrate for /3-galactosidase. The activity of /3-galactosidase was determined by absorbance of o-nitrophenol (415 nm) which was generated from the substrate due to /3-galactosidase activity.
Preparation of nuclear proteins Nuclear protein extraction was performed according to the modified method of Hahn (24) . HepG2cells were cultured in twelve 60-mm dishes. The cells were detached with 0.25% trypsin and 0.02% EDTA, washed with PBS twice, and lysed with 10 ml ofalysis buffer (10 mMTris-HCl (pH 7.9), 10 mMKC1, 1 mMdithiotheritol, 1.5 mMMgCl2, and 0.5% (w/v) Nonidet P-40) for 15 min at 0°C. The nuclei were pelleted for 1 min at 4°C, and then washed with 10ml of buffer A (10mM TrisHCl (pH 7.9), 10 mMKC1, 1 mMdithiothreitol, and 1.5 mM MgCl2). Nuclei were resuspended with 40 fi\ of a buffer B (50 mMTris HC1 (pH 7.5), 500 mMKC1, 2 mMdithiothreitol, 5 mM MgCl2, 0.1 mM EDTA, 10% (w/v) sucrose, and 20% (w/v) glycerol), and agitated for 1 h at 4°C to extract the nuclear proteins. The solution was centrifuged (12,000 x g) for 10 min at 4°C, and the supernatant was dialyzed twice with at least 50 volumes of a binding buffer (25 mMTris-HCl (pH 7.9), 15 mM HEPES, 40mM NaCl, 5.5 mM KC1, 0.5 mM dithiothreitol, 3 mM MgCl2, 0.5 mM EDTA and 6% (w/v) glycerol). The dialysate was centrifuged (12,000 x g) for 5 min at 4°C to pellet nuclei and nuclear remnants, and the supernatant was recovered. The lysis buffer, buffer A and buffer B The labeled fragment was added to the preincubated solution, and incubated for 20 min at room temperature. In gel shift assay, the protein-DNA complexes were separated from free DNAprobe by electrophoresis through 4% nondenaturing acrylamide gel at 80 V in Tris glycine-EDTA (TGE). After electrophoresis, gels were dried, and exposed to X-ray film (X-AR, Kodak, Rochester, NY) with an intensifying screen overnight at -80°C. A 72 bp fragment (position -19 to +53) was end-labeled using Klenowfragment and [a-32P]dCTP. A 38 bp fragment (position +3 to +40) was end-labeled using T4 nucleotide kinase and [j-32P]ATP. In inhibition experiments, indicated competitors were added to the nuclear proteins before preincubation. Synthetic DNA(position + 12 to +32) was generated by annealing with oligonucleotides, VN-PN-Uand VN-PN-D. Fragments (position -74 to +32 and + 12 to +95) were generated by PCR using 5'-primer (VN-Pst-5' primer or VN-PN-U) and 3'-primer (VN-PN-D or Bst-Sac-Low).
In DNase I footprinting analysis, protein-DNA complexes were digested with 22.5 unit of DNase I (Boehringer Mannheim) for 1 min at room temperature. The reaction was stopped with the addition of a 100 [A stopping solution containing 100mM Tris-HCl (pH 8.0), 100mM NaCl, 10mMEDTA, 0.2% (w/v) SDS and 25 //g/ml sonicated salmon sperm DNA. Solutions were phenol-extracted, and precipitated using ethanol. The digested probes were dissolved in 3 [A of 95% formamide containing 10 mMEDTA, 0.3% (w/v) bromphenol blue and 0.3% (w/v) xylene cyanol, and were electrophoresed on a 6% polyacrylamide/8 Murea gel along with MaxamGilbert G +Asequencing reaction in TBE. After electrophoresis, the gel was dried, and exposed to X-ray film (X-AR, Kodak, Rochester, NY) with an intensifying screen at -80°C (19) and mapped the transcription initiation site (+ 1) 95 bp-upstream of the translation initiation site (+96) (21) . To clone a region upstream from the 1.7 kbp 5'-flanking region, we screened the mouse genomic DNAlibrary with an antisense oligonucleotide probe designed on the basis of the sequence of the 1.7 kbp fragment. After screening, a bacteriophage clone containing the 5'-flanking region of the mouse vitronectin gene was obtained. A restriction enzyme map of the Hindlll digested fragment in the insert of the phage clone was made. The map revealed that the Hindlll fragment included a 3.8 kbp fragment upstream from the translation initiation site. To construct 3.8 kbp 5'-flanking region, the Hindlll fragment was combined with the PCR-generated fragment at the Xbal site as shown in Fig. 1 . The synthesized DNA(position +74 to +95, + 1 and +96 being the transcription and translation initiation site of vitronectin gene, respectively) was inserted into the BstXl and Sad site of the recombinant 5'-flanking region (Fig. 1) . Thus, the 5'-flanking region of the mousevitronectin gene was constructed.
Characterization of promoter region To examine whether the 3.8 kbp-constructed 5'-flanking region displays promoter activity or not, the luciferase expression vector was cloned to the 3.8 kbp region upstream of the luciferase gene, that is, PVN(-3.7k / + 95)-Luc was transfected into HepG2cells. The luciferase activity in the transfected cells was about 100-fold greater than the background, indicating that the 3.8 kbp fragment displays promoter activity (Fig. 2) . Spe- (Fig. 2) . These results indicate that a region between -74 and +95 bp serves as the promoter.
Characterization of a nuclear protein binding site on the promoter Tocharacterize nuclear proteins binding to the promoter region, a 169bp DNAfragment (position -74 to +95) of the promoter region was subjected to gel shift assay using nuclear proteins extracted from HepG2 cells. The assay shows a single shifted band, indicating that a nuclear protein binds to the promoter region (Fig. 3) . This shifted band disappeared when a 120 molar excess of the unlabeled 169 bp DNAfragment was added, indicating that the nuclear protein binds to the promoter region specifically (Fig. 3 ).
Binding site of the nuclear protein was examined by DNase I footprinting assay and gel shift assay. First, the complex of the nuclear protein and the 169 bp fragment was digested with DNase I, and the digestions were electrophoresed. The assay revealed a region centering around a 9bp-element (position +20 to +28) that was protected from DNase I digestion (Fig. 4) . The result demonstrated that the nuclear protein binds a region centering around the element. However, since the border of the protected region was obscure, the binding Contribution of the putative TATAbox to the promoter activity A consensus sequence of TATAbox is shown between -30 and -24 bp (AAATAAA)in the mouse promoter (26) . Weexamined whether the putative TATAbox contributes to the promoter activity as a cis-acting element. Site-directed mutagenesis at -28 bp (T -> G) and deletion of a 56bp DNA(position -74 to -19) including the putative TATAbox from the 169 bp promoter region could not abolish the promoter activity (Fig. 7) . On the contrary, deletion of a 92 bp DNA(position +3 to +95) from the 169 bp promoter region abolished the promoter activity completely (Fig. 7) . These results demonstrate that the putative TATAbox is not involved in the promoter activity. Py-Py) (27) is shown between +10 and +16 in the mousevitronectin promoter. Weexaminedwhether the putative initiator contributes to the promoter activity as a ds-acting element. Deletion of the 21 bp DNA(position + 10 to +30) including the putative initiator from the 169bp promoter region, that is, the PVN (+10/ +30del)-Luc, could not abolish the promoter activity (Fig. 7 ). These results demonstrate that the putative initiator is not involved in the promoter activity.
Reduction of a region which is involved in promoter activity To reduce the 169 bp promoter region, 5' or 3' deletions of the 169 bp promoter region were prepared by PCR. Promoteractivities of the mutagenizedfragments were examined by a transfection experiment using HepG2 (Fig. 7) . Since deletion of a 93 bp DNA(position +3 to +95) from the 169 bp promoter region completely abolished the promoter activity, it is suggested that the 93 bp DNAhas ds-acting elements responsible for transcription initiation. Promoter activity of a 38bp DNA(position +3 to +40) in the overlapping region of the 72 bp DNAand the 93 bp DNAwas then examined. The result indicates that the activity of the 38bp DNAshows the same activity of the 72bp DNA (Fig. 8) , demonstrating that a region involved in promoter activity was restricted to the 38 bp DNA.
Characterization of transcriptional regulatory region in the promoter
The results of Fig. 7 show some transcriptional regulatory regions in the promoter. Deletion of a 42 bp region (position +54 to +95) from the 169 bp region, that is, PVN (-74/+53)-Luc displayed a 3-fold increase in luciferase activity of PVN (-74/+95)-Luc (Fig. 7) . This result suggests that the 42 bp region contains suppressive activity on the promoter activity. Binding of the nuclear protein to the 38 bp promoter region Weexamined whether the nuclear protein detected by the gel shift assay could bind to the 38 bp promoter region. The 38 bp promoter region was subjected to gel shift assay using 32P-end labeled 72 bp DNA(position -19 to +53), and the results are shown in Fig. 9A . The formation of DNA-protein complex between 72 bp DNAand the nuclear protein was inhibited by a 200 molar excess of the 38 bp DNAfragment (Fig. 9A) . In the gel shift assay using a 32P-end labeled 38 bp DNAand 9 [ig of nuclear proteins, a shifted band was smeared (Fig. 9B) . The smeared band disappeared due to the addition of a 100-or 300-fold molar excess of the 38 bp DNA (Fig. 9B) , indicating that the 38 bp DNAbinds to the nuclear protein. The result suggests that the nuclear protein is a putative trans-diCimg factor involved in transcriptional initiation.
DISCUSSION
In this study, we demonstrated that mouse vitronectin has a TATA-lesspromoter. The nucleotide sequence of 5'-flanking region in the human vitronectin gene has already been determined, but it lacks a consensus sequence of a TATA box, whereas the sequence in other species of vitronectin has been unknown. Since it is generally believed that the fundamental molecular mechanism of biological phenomenon is conserved among various species, we speculated that the other species of the vitronectin promoter also lacks a TATAbox. TATA-lesspromoters are classified into two groups: those with a GCbox and those with an initiator. The GCbox can promote transcriptional initiation of several TATA-less promoter, instead of a TATAbox (29), and some house keeping genes belong to the first group (30, 31) . The second group has a c/s-element, initiator which determines the transcription initiation site, and was initially found in the terminal deoxynucleotidyl transferase gene (32) . The consensus sequence of the initiator is Py-Py-A-N-T/A-Py-Py (Py means pyrimidine, and N means A, G, C or T) (7, 28). Promoters of some integrin genes, such as al (33) , a5 (34), and al (35) have a consensus sequence of the initiator.
Transcription factors, TFII-I (36) and YY1 (37, 38) have been knownbind to initiator, and can recruit TATAbinding protein associated factors and RNApolymerase II (39) .
Mousevitronectin promoter lacks a GCbox, and contains the consensus sequence of an initiator between +10 and +16bp (21) . However, our study indicates that the putative initiator is not involved in transcriptional initiation. These results demonstrate that the vitronectin promoter has neither a GCbox nor initiator, does not belong to the above groups, and is a novel type of TATA-less promoter. Weexamined the binding site of the nuclear protein on the promoter region. The results of our study demonstrated that a 38 bp region (position +3 to +40), which speculate that the nuclear protein is the putative transacting factor involved in transcriptional initiation. Though the affinity of mutagenized DNA, which deleted a21 bp DNA (position +10to +30) fromthe 169 bp DNA,to the nuclear protein was reduced, the luciferase activity of the mutagenized fragment was increased 1.75-fold as the activity of the 169bp DNA. In addition, as is mentioned above, affinity of the 38 bp DNA for the nuclear protein was reduced in comparisonwith that of the 72 bp DNA. However, the luciferase activity of the 38bp DNAand the 72bp DNAwas almost equal. These results suggest that the nuclear protein do not require all of the binding sites to initiate the transcription of the vitronectin gene. Wespeculate that the putative trans-acting factor plays an important role in the transcriptional initiation of the vitronectin gene. Weexamined the consensus sequences for binding to the known transcription factors. A nucleotide sequence of the mouse vitronectin promoter has been determined by Seiffert et al (19) . Consensus sequences of CdxA, SRY, Lyf-1, E2F, C/EBP, v-Myb, STAT, MyoD, Nkx-2, MZF1, v-ErbA, Spl, and HNF-3/3 are shown in the promoter region (Fig. 10) . However, the minimumpromoter region (+3 to +40) lacks the consensus sequence of the knowntranscription factors. This result suggests that the nuclear protein is a novel transcription factor. Seiffert et al. have suggested that the transcription of murine and the humanvitronectin gene is regulated according to a differential mechanism (21) . However, we speculated that the mechanismof transcriptional initiation on the vitronectin promoter is conserved between humanand mouse. In this study, assay of mouse vitronectin gene was performed in the humanhepatoma cell line, HepG2. The results of our study indicate that the mouse vitronectin promoter lacks a TATA-box, GC box and initiator. It has been reported that the human vitronectin promoter also lacks these c/s-elements (20) . A comparisonof the nucleotide sequenceof the mouse vitronectin promoter region (position +3 to +40) with that of humanvitronectin gene has revealed that the sequence of the 38 bp region is similar to that of a region between -54 and +8 bp in the humanvitronectin promoter. The commonproperty of the region is C and Trich. In the human promoter, it is suggested that the C and T-rich region is involved in the transcriptional initiation.
Fromnow, we will examine the putative trans-acting factor. To prove that the factor can initiate transcription of vitronectin, purification or cloning of the factor is necessary. To prepare the cloning of this factor, we will examine the expression of the factor in the other cells and various tissues, to promote understanding of the transcriptional initiatory mechanism for the TATAless promoter. 
